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0 Process for Immunochromatography with colloidal particles. 



0 The present invention relates to Improved specific binding assay methods, kits and devices utilizing 
chromatographlcaily mobile specific binding reagents labelled witti coltoidal particles. Specific binding reagents 
labelled with colloidal particles such as gold and selenium may be subjected to rapid chromatographic solvent 
transport on chromatographic media by means of selected solvents and chromatographic transport facilitating 
agents. Furtiier. impregnation of solid substrate materials with labile protein materials Including colloklal particle 
and enzyme labelled reagents in the presence of meta-soluble proteins provkies for the rapki resolubilization of 
such materials whkSh have been dried onto such substrate materials. 
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PROCESS FOR 1MMUN0CHR0MAT06RAPHY WITH COLLOIDAL PARTICLES 



BACKGROUND 



5 The present Invention relates generally to assay devices and specificaiiy to those devices making use 
of chromatographic techniques in conducting spedfic binding assays. According to one aspect of the 
invention, methods and devices are provided utilizing colloidal particle lak)e)led specific t>inding materials 
. which are chromatographlcaliy mobile and capable of producing visually detectable signals. According to 
another aspect of the invention, methods and devices are provided utilizing labelled specific binding 

70 materials including colloidal particle labelled materials and enzyme labelled materials which are dried onto a 
chromatographic medium in ttie presence of a meta-soluble protein and are capable of being rapidly 
resplubilized in the presence of an appropriate solvent such as the sample or a chromatographic transport 
solvent 

Immunological assays have proven to be of great value in a variety of clinical applications. Such assays 

IS depend upon specific binding reactions between immunoglobulins (antibodies) and materials presenting 
specific antigenic determinants (antigens). Antibodies bind selectively with llgand materials presenting ttie 
antigen for which ttiey are specifically reactive and are capable of distinguishing tiie llgand from other 
materials having similar characteristics. 

Because tiie results of immunological and other specific binding reactions are frequentiy not directly 

20 ot)servable. various techniques have been devised for their indirect ofc^rvation. Such techniques involve 
labelling of one of tfie members of the specific binding pair witti a radioisotope, chromophore, fluorophore 
or enzyme label. Radiolabels. chromophores and fluorophores may be detected by ttie use of radiation 
detectors, spectrophotometers or the naked eye. Where members of a specific binding pair are tagged with 
an enzyme label tiieir presence may be detected by ttie enzymatic activation of a reaction system wherein 

2S a compound such as a dyestuff. is activated to produce a detectable signal. 

There are three well known types of immunotogical specific binding assays. In competitive binding 
assays, labelled reagents and unlabelled anaiyte compounds compete for binding sites on a binding 
material. After an incubation period, unbound materials are washed off and ttie amount of labelled reagent 
bound to ttie site is compared to reference amounts for a determination of the anaiyte concentration in ttie 

30 sample solution. A second type of immunok)gical assay is known as a sandwich assay and generally 
involves contacting an anaiyte sample solution to a surface presenting a first binding material im« 
munok3gically specific for ttiat anaiyte. After a wash step, a solution comprising a labelled second binding 
material specifically reactive witti ttie anaiyte to be detected is ttien added to ttie assay. The labelled 
second binding material will bind to any anaiyte which Is itself bound to the first t>indtng material. The assay 

35 system is then subjected to a wash step to remove any labelled second binding material whk:h failed to 
bind witti ttie anaiyte. The amount of labelled material remaining may then be determined and will be 
indteative of the amount of anaiyte present in the sample. While ttie tenn sandwich assay is frequentiy 
understood to relate to immunological assays wherein the first and the lat>elled reagent materials are botti 
antibodies or are both antigens such that the "sandwich" is of the form antibody/antigen/labelled antibody, a 

40 broader definition of ttie term sandwich-type assay is understood as including ottier types of ttiree 
component assays Including what are sometimes refenred to as "indirect sandwiches", which may be of ttie 
form antigen/antibody/labelled (anti-immunoglobulin) antibody. 

A third type of immunological assay is ttie agglutination assay whrch is exemplified by well-known 
assays fbr blood antigens and serum types. Immunological reactivity between antibodies within serum and 

4$ antigens presented on red btood cell surfaces is indicated by ttie formation of a ttiree dimensional cross- 
linked networic of antigen (red bkxxl cells) and antibodies. The agglutination of ttie serum/Ted bkxxl cell . 
mixture results in ttte formation of a macroscopic pellet In ttie testing well which can be visible to ttie naked 
eye. 

These various immunoassay procedures were originally performed as *riquid phase' assays in 
60 apparatus such as test tubes where antigen/antibody conjugates were centrtfuged and precipitated. More 
rscently, mettiods have been developed wherein antibodies or antigens are coated onto the surface of 
microtiter wells and reactions are carried out in solution in such wells. Methods have also been developed 
for carrying out "solid phase" assays wherein immunological reactions are carried out in solution on solkj 
substrates including those which are porous or fibrous materials. According to such procedures, porous 
canrier materials are fashioned Into strips or ottier fbnrns to which antibodes or antigens are immobilized by 
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adsorption, absorption or covalent bonding. Sample materials containing an anaiyte spedficaity reactive with 
the immobilized member of the binding pair are applied to the earner material where the anaiyte Is 
immobilized by reaction with its conresponding binding pair member. The non-reacted sample materials are 
then removed by a washing step after which, in the case of a sandwich-type assay, a labelled reagent is 

5 applied to the carrier material which is capable of reaction with and Immobilization by the immobilized 
anaiyte. The carrier material is then washed in order that the presence of the lat)elled reagent and hence 
the anaiyte, may be detected. 

Modifications of such "solid phase" assays are known wherein one or more of the sample components 
or reagents Is moved by means of chromatographic solvent transport U.S. Patent No. 4,168.148 to Gmbb, 

70 6t al., discloses porous test strips to wtiich antibodies have been immobilized. The strips are then contacted 
with measured amounts of aqueous solution containing the anaiyte antigen. Antigen molecjies within the 
test solution migrate by capillary action throughout the test strip, but because the bound antibodies retard 
tiie migration of the antigens for which they are specific, the extent of migration of tiie antigen molecules 
over a fixed time period is a function of tiie antigen concentration in the test solution. The antigen- 

15 containing areas of ti^e diagnostic device are then indicated by tiie addition of enzyme or fluorescent 
chromophore lat>elled antibodies. 

U.S. Patent No. 4.517.2^ to Giegel, et al. discloses methods for conducting solid phase immunoassays 
on inert porous materials. The patent discloses immunologically immobilizing a binding material within a 
specified zone of the porous material and applying the sample to tiie zone containing the Immobilized 

zo binding material. An enzyme labelled indicator material which will bind with tiie anaiyte Is then applied to 
ttie zone where it will become immobilized In an amount correlated to tite amount of anaJyte in the zone. A 
solvent Is then applied to the center of the zone to chromatographically remove tiie unbound lal>elled 
indicator from the zone so that the amount of labelled indicator remaining In the zone may be measured. 
Of Interest to the present invention are the disclosures of ttie Deutsch, et a[., U.S. Patents 1^. 

25 4,094,847. 4,235.601 and 4,361.537 which relate to immunological and other types of specific binding 
assays wherein reagents are transported by chromatographic solvent transport According to one embodi- 
ment a radlolabeiled competitive binding assay kit comprises a strip capable of transporting a devetoping 
liquid by capillarity having a first zone for receiving a sample, a second zone impregnated a first 
reagent capable of being transported by the developing liquid and a ttiird zone impregnated witti a second 

30 reagent In addition, the devices comprise a measuring zone and a retarding element which may be either 
tiie second reagent or the material of tiie strip. The first reagent is capable of reacting witii one of tiie group 
consisting of (1) ttie sample, (2) tiie sample and tiie second reagent or (3) ttie second reagent in 
competition with tiie sample, to fonm a product in an amount dependent on the characteristic being 
determined. A sample is contacted with ttie first zone and the strip is ttien dipped into the developing liquid 

36 to bring about transport of the sample and tiie first reagent to form tiie reaction product The retarding 
element slows transport of eittier tiie product or the first reagent (the moving reagent) to spadaily separate 
ttie two and tiie amount of ttie moving element is then measured at ttie measurement location. 

The Deutsch, et aL. patents relate to mettiods wherein reagents located on the chromatographic 
material are mbced with tiie sample material and ottier reagents during ttie course of chromatographic 

40 transport Such mixing is not detrimental to and may even be de^'rable for competitive t>inding assays. It 
may. however, be undesirable for sandwich-type binding assays where it Is necessary to piirevent contact 
between non-analyte sample materials and labelled specific binding reagents. 

Of interest to the present invention is the disclosure of U.S. Patent 4,452.901 to Gordon which relates to 
ttie use of porous nitrocellutose supports for immobilization of proteins. It is disclosed ttiat such nitrocel- 

45 luh>se sheets may be utilized in Immunoassay procedures If the reskiual binding capacities of* ttie 
nitrocellulose sheets are saturated by blocking treatment with one or more types of proteins, different from 
ttiose Immobilized and not cross-reactive with any of the antibodies subsequentiy used in the assay. 

Of further interest to the background of the invention are tiie disclosures of Gordon. EPO Application 
63,810, published Novemfcier 3, 1982, relating to devices for conducting immunological assays. The devices 

50 consist of a porous solid support containing a preselected array of delimited adsorption areas of antigens, 
antibodies or botii, wherein residual adsorption sites on ttie substrate are saturated by protein blocking 
agents such as bovine serum albumin. Porous solid supports are selected from a variety of natural and 
synttietic polymers and derivatives but are preferably nitrocellutose sheets 0.1 mm thick with pore size 
between about 0.15 um and about 15 um. Antigens or antibodies are applied to the porous solid support by 

55 direct contact followed by incubation witti btocking agents. Assays fbr detection of unknown antigens or 
antibodies are ttien carried out ttirough use of labelled antibodies which may also be anti-immunogtobulin 
antibodies. 

Also of particular interest to ttie present application is ttie disctosure of ooowned and copending U.S. 
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Patent Application Serial No. 912.878 filed September 29. 1986 by Gordon, et aK, which is hereby 
tncorpor^ed by reference and which relates to devices for conducting specific binding assays utilizing the 
sequential chromatographic transport of analyte and reagent materials. Wash and addition steps are 
inherentiy carried out and liquid "microdrcuitry" can be programmed to carry out a variety of multistep 
5 procedures and to avoid the premature mixing of sample materials and reagents. Preferred blocking 
solutions for treatment of the strip materials include include 1% LB gelatin (Inotech. Wohlen. Switzeriand) in 
TBS solution comprising (0.15 M NaCl. 0.02 Tris-HQ. pH 7.6) or 3% bovine semm albumin (BSA) solution 
in physiological saline. 

Specifically, the Gordon, et aL, sequential transport application relates to devices which comprise a test 

10 strip for the detection of an analyte in a sample comprising a lengtii of chromatographic material having the 
capacity for rapid chromatographic solvent transport of non-Immobilized reagents and reactive sample 
components by means of a selected chromatographic solvent The strip includes a first end at which 
chrematographic transport t)eglns. a second end at which chromatographic transport ends and a plurality of 
zones positioned between tiie two ends. The zones include a first zone Ompregnated witii a first reagent 

IS which is mobile in tiie solvent and capable of reaction with, and immobilization against solvent transport by 
the analyte when tiie analyte is in immobilized form), a second zone (for receiving the sample suspected of 
containing an analyte) and a third zone (positioned downstream of the first zone and impregnated witii a 
second reagent which is immobilized against solvent transport and is capable of, selective reaction with tiie 
analyte so as to render tiie analyte in an immobilized form in the tiiird zone). The device is foriher 

20 characterized in that after ttie sample is received in the second zone and upon the first end being dipped 
into the chromatographic solvent, tiie relative mobility of tiie analyte and tiie first reagent or the site 
relationship between tiie second and third zones is such tiiat tiie analyte is disposed and immobilized 
against soh/ent transport at the tiiird zone prior, to the first reagent reaching the ttiird zone, whereby 
interfering sample componehte and non-analyte componente of tiie sample which are reactive witii tiie first 

25 reagent are cleared from ttie third zone by chromatographic solvent transport prior to transport of tite first 
reagent to the tiiird zone. The presence of tiie first reagent immobilized at ttie third zone may be detected 
by means of enzyme, radioisotope or other labels. The device is particularly suited for use with enzyme 
labelled reagente as enzyme substrates and indicator dye reagents may be incorporated on separate zones 
on the strip and transported to the third zone in an appropriate sequence by chromatographic transport. 

30 Of interest to ttie present invention are those references relating to ttie use of dispersions of colloidal 
particles in immunological assay procedures. Frens, Nature. 241^, 20-23 (1973) discloses mettiods for ttie 
pr^)aration of mono-disperse gold sols of various particle sizes ttirough ttie reduction of gold chloride witti 
aqueous sodium citrate. Variation in the concentration of sodum citrate during ttie nucleation of ttie 
particles may be used to vary ttie particle size of ttie resulting sols. Sols of mono-dispersed gold particles 

3S are disclosed having particle sizes ranging from 16 nm to about 150 nm and exhibiting colors ranging from 
orange to red to violet over tiiat renge. 

Romano, et aj.. Immunochemlstry. 11. 521-22 (1974) discloses ttie labeling of immunoglobulins with 
colloidal gold partides for use in imaging human red blood ceil antigens by means of electron microscopy. 
The gold sol. which has an average particle diameter of atxnit 3 nm. has a tendency to flocculate but is 

40 stabilized by the presence of either horse serum or BSA. 

Qeoghegan. et al, J. Immune. Metti., 34. 11-21 (1980) discloses ttie coating of colloidal gold particles 
With Immunoglobulins fbr use in passive agglutination procedures. The reference (at page 14) discloses ttie 
resuspenslon of centrifuged pools of gold labelled immunoglobulins witfi 0.0i M phosphate buffered saline 
(PBS) (pH 7.2) containing 1% polyettiylene glycol (PEG). The reference also notes ttiat while ttie gold- 

45 proton complexes do not aggregate during centrifogation. tiiey are often subject to non-specific aggregation 
in the presence of any serially diluted protein in a microtiter plate. 

Surek, §t aL. Biochem. and Biophys. Res. Comm., 121. 284-289 (1984) discloses ttie use of protein A 
labelled colloidal gold particles for ttie detection of specific antigens immobilized on nitrocellulose mem- 
branes. According to ttte procedure, an electrophore^s gel is blotted onto a nitrocellulose filter which is 

50 then treated wltti a 2% solution of BSA In PBS to prevent non-specific binding. The filter is treated with 
diluted antiserum or preimmune semm and washed witti PBS-BSA. The strip is ttien incubated for 30 to 60 
minutes with protein A conjugated with colloidal gold which detects the presence of bound antikxxJies. 
Excess unbound colfoldal gold particles are tiien removed by several short buffer washes. 

l^uvering. U.S. Patent No. 4.313.734 discloses ttie use of metal sol particles as lalDels for in vitro 

55 determination of Immunological components in an aqueous test medium. Specifically disclosed are 
immunoassay test kite fbr ttie detection of antigens or antibodies employing one or more labelled 
componente obtained by coupling tiie component to particles of an aqueous sol dispersion of a metal, metal 
compound or polymer nuclei coated witii a metal or metal compound having a particle size of at least 5 nm. 
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According to one example, an assay for human placental lactogen (HPL) is conducted with the use of rabbit 
anthHPL antibodies which have been labeiied with gold particles. Unlabeiled rabbit anti-HpL antibodies are 
coated onto the wails of microtlter plate wells by incubation with BSA solution and phosphate buffer to 
which merttiloiate has been added. Standard solutions of HPL are added to the wells and were incubated 

5 for 2 hours at room temperature. A solution consisting of rabbit anti-HPL antibodies which has been 
conjugated witii gold particles having diameters between 45 and 70 nm is added to tiie wells and Incubated 
at room temperature overnight The wells are then washed and light absorption measured with a small- 
volume spectrophotometer. 

Hsu. Anal. Biochem. 221*225 <1984) discloses ttie use of immunogold marker systems for blot 

10 Immunoassay procedures wherein serial dilutions of purified tobacco mosaic virus (TMV) are elec- 
trophoresed in a poiyacrylamide gel and are then electrotransferred to nitrocellulose filter sheets. The 
nitrocellulose sheets are baked to stabilize binding and treated witti 5% normal goat serum or in 0.05% 
Tween 20 In PBS to block nonspecific antibody t)inding. The filter is incubated overnight at 4* C with rabbit 
anti*TMV antibodies diluted In blocking solution followed by washing In PBS and tiie antigen-antibody 

16 complex is ttien detected by soaking the filter in gold-labelled goat anti-rabbit IgQ in blocking solution. 
According to the procedure as llttie as 8 ng of ttie TMV protein is detectable with about 30 minutes 
exposure to ttie gold-labelled IgG. The reference also discloses ttiat agents such as polyetiiylene glycol, 
polyvinylpyrrolidone and bovine serum albumin can enhance the stability of gold maricers. The use of 
Tween 20 to prevent nonspedfic binding of protein on nitrocellulose is disclosed along with the observation 

20 tiiat 0.05% Tween 20 in PBS can be used in tiie staining procedure without disturbing ttie specificity of the 
gold-IgO complexes. Nornial goat serum Is identified as a preferred blocking agent in light of Its tendency 
to adsorb gold particles that may dissociate from the probe during storage. 

Moeremans, et ai., EPO Application No. 158.748 discloses ttie use of colloidal metal particles as labels 
in sandwich bk>t overiay assays. Specific binding materials specifically reactive with tiie analyte to be 

25 detected are applied to nitrocellulose strips and dried. Protein tending sites on the strip are ttien blocked by 
means of treatment wfth i)ovine serum albumin, gelatin, polyettiylene glycol or Tween 20. Analyte 
containing sample material is then applied to the strip and Incubated for 2 hours. The treated strip Is 
washed and air-dried and incubated for 2 hours with a specific binding agent which has been labelled wItti 
colloidal metal particles. According to one example, anti-tubulin antit)odies are detected by gold particle 

30 labelled reagents producing a pink-reddish color (20 nm particles) or a purplish color (40 nm particles). The 
assays are disclosed to have a sensitivity on ttie order of 5 ng/ul. 

Of interest to ttie present invention Is tiie disclosure of Hoye J. C^romatog., 28. 379-384 (1967) relating 
to chromatographic purification of radlocheml^s. The application of paper chromatography, tiiin layer 
chromatography and high voltage electrophoresis techniques are disclosed to move gold ions witti varying 

35 degrees of success but are generally unsuitable for transporting collddal gold particles. 

The use of polymerized dye materials In colloidal form for specific binding assays is also known. Of 
interest to tiie present application Is ttie disclosure of Hirschtekj. U.S. Patent No. 4.166.105 which relates to 
labelled specific binding reagente reactive wttii specific antigens prepared by linking fiuorescent dye 
molecules to analyte specific antibodies ttirough polymers comprising reactive functional groups. Also of 

40 Interest to the present application Is ttie disclosure of Henry. U.S. Patent No. 4,452.886 which relates to 
specific binding reagents comprising antigens or antibodies linked to a water-soluble polymer consisting 
essentially of between 40 and 600 chromophoric or fluorescent group containing monomers. 



45 SUMMARY OF THE INVENTION 



The present invention provides improved specific binding assay methods, kite and devices utilizing 
chromatographically mobile tat)elled materials. According to one aspect of the Invention, mettiods and 

50 devtees are provkied utilizing colfoldal particle labelled specific bincfing materials which are chromatog- 
raphically mobile and capable of producing visually detectable signals. According to anottier aspect of the 
invention, mettiods and devices are provided utilizing labelled specific binding materials including colloidal 
particle labelled materials and enzyme labelled materials which are dried onto a chromatographic medium 
In ttie presence of a meta*soluble protein and are capable of being rapidly resolubillzed in ttie presence of 

55 an appropriate solvent such as the sample or a chromatographic transport solvent 

It has been discovered ttiat specific binding materials laiselled witti colloidal particles such as gold may 
be subjected to rapid chromatographic transport on a chromatographic medium by means of selected 
solvente and chromatographfo transport facilitating agente and that use of chromatographfo solvent transport 
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assay techniques significantly reduces the time required for the binding reaction of a colloidal particle 
labelled material with its specific binding partner as compared with conventional methods. It has also been 
discovered that impregnation of solid substrate materials with labile proteins including lat>elled and 
unlat)elted materials in the presence of an aqueous medium containing meta-soluble proteins such as 

5 casein allows the rapid resolubiGzation of such proteins which have been dried onto such substrate 
materials. Such resolubilized labelled materials may then be maintained in a liquid solution for carrying out 
liquid phase assays or electron microscopy. The drying of labile proteins In the presence of meta-soluble 
proteins thus provides an inexpensive means of storing such proteins, Including colloidal particle labelled 
reagents, in a stable and convenient fbmi from which they might then be resolubilized and subjected to 

to chromatographic solvent transport Alternatively, where the solfd substrate material is a chromatographic 
medium, the labile proteins may be solubillzed and chromatographically transported to can7 out specific 
binding assay procedures. 

Accordingly, the invention provides improved specific binding assay devices, kits and methods for 
detenmining the presence or amount of a substance in a sample. The colloidal particle labelled assays 

15 provide a visually detectable signal and do not require the use of materials such as radioisotopes or 
enzyme labels with the attendarrt requirement for detection equipment or addition of enzyme conjugates 
and indicator dyes. Means for conducting bott) competitive binding and direct binding (sandwich-type) 
assays are provided by ttie invention. Prefenred assay mettiods and kits are provided for determining the 
presence or amount of a substance in a sample whereby a colloidal particle labelled matenal and a 

20 chromatographic transport facilitating agent are mixed witti the sample. A chromatographic medium 
comprising one or more reaction sites impregnated with one or more reagents useful for carrying out the 
assay is then contacted with the mixture of sample, colloidal particle labelled material and chromatographic 
transport fecilitafing agent In order to chromatographically transport ttie sample and labelled material along 
the chromatographic medium and carry out the desired assay. 

25 The invention also provides assay methods and devices wherein labelled materials Including colloidal 
partide labelled materials and enzyme labelled materials are impregnated and dried onto a reaction site on 
a chromatographic substrate material in ttie presence of meta-soluble proteins. The chromatographic 
mediums of ttie devices may comprise one or more additional reaction sites where chemical reactions per 
se need not take place but where additional materials may be deposited or immobilized or where analyte 

30 substance containing sample materials may be deposited. The chromatographic medium is contacted wItti a 
chromatographic solvent which solubilizes and transports atong the medium the colloidal particle labelled 
specific binding material as well as ttie sample substance and ottier optional materials and reagents. The 
affinity of ttie Immobilized specific binding reagent is such ttiat it effldentiy captures the labelled material in 
the flowing material such tfiat the labelled tnnding component is accumulated in the zone. Where the 

35 labelled material is a colloidal particle labelled material, an important advantage is provided by ttie present 
invention in that the binding affinity of ttie Immobilized reagent may be such that it Is capable of capturing a 
labelled component in ttie flowing chromatographic stream in such a way ttiat ttie labelled binding 
component is accumulated in the capture zone and is cleariy discemable over ttie background stream of 
non-concentrated colloidal particle labelled material. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 



45 RGS. la. 2a, 3a, 4a and 5a are front plan views of five different fonms of ttie test devices of ttie 

present invention; 

RGS. lb, 2b, 3b. 4b and 5b are cross-sectional views of the test devices shown in RGS. la. 2a. 3a. 
4a and 5a. respectively, taken along lines 1t>-1b, 2t>-2b. 3b-3b. 4b-4b and 5b-5b; 

FIGS. 1c, 2c and 3c are cross-sectional views of ttie test devk:es shown in RGS. la, 2a and 3a. 
so respectively. In contact witti a volume of sample material and Indicator solution: 

RGS. 4c and 5c are cross-sectional views of ttie test devices shown in RGS. 4a and 5a. respectively, 
in contact with a volume of chromatographic solvent and 

RG. 6 is a cross-sectional view of tiie test device of RG. 4a taken ak>ng fines 6-6. 

55 
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DETAILED DESCRIPTTON 



The present inverrtion provides improved immunologicai and other specific binding assay methods, lots 

5 and devices utilizing chromatographically mobile labelled specific t)inding materials. 

Colloidal particle lal^elled specific binding materials are highly susceptible to aggregation and are thus 
generally incapable of t>elng rapidly and effidentiy transported on chromatographic media according to 
chromatographic solvent transport assay mettiods. The invention is based on the discovery that specific 
binding materials labelled with colloidal particles, and particularly with colloidal particles larger than about 1 

10 nm in diameter, which are especially subject to aggregation, may be subjected to rapid chromatographic 
transport on chromatographic media by means of selected solvents and chromatographic transport facilitat- 
ing agents. While materials lat>elled with colloidal particles and particularly those less than about 1 nm in 
diameter may be capable of chromatographic transport wittiout the presence of \he chromatographic 
transport facttitating agents of the present invention, tiie use of such agents assists in the rapid chromatog- 

15 raphic transport of all coiloidal particle lat>elled reagents of the invention. As a related discovery, it has been 
found that chromatographic solvent transport of colloidal parta'de lat^elled materials significantly reduces the 
time required for the bindirtg reaction of ttiose materials with their specific binding partners as compared 
witii conventional methods. While conventional Immunoassay procedures such as tiiose of Leuvering. U.S. 
Patent No. 4,313,734 teach the incubation of colloidal particle lat)eiled specific binding materials for from 1 

20 hour to overnight (16 hours), tt^e chromatographic metitods of the present invention generally provide for 
tiie rapid completion of transport and specific binding reactions in less than about 5. and preferably less 
than at)out 2, minutes. 

As another aspect of the present invention, it has furthermore been discovered that labile protein 
materials Including colloidal particle, enzyme or ottier labelled materials which are impregnated and dried 

25 onto solid substrate materials in the presence of selected meta-soluble protein materials may be rapidly 
solutMlized by means of suitable solvents. Where the solid sut^trate material is a chromatographic medium, 
the labelled materials may be rapidly resolubillzed and transported along the chromatographic medium by 
means of selected chromatographic solvents. As a consequence of this discovery, spedfic binding assay 
devices are provided wherein labelled materials including colloidal particle labelled specific binding 

00 materials are incorporated in dry stable fonti on the device and only the sample material and a 
chromatographic solvent need be added for conducting an assay. 

Acconjlng to tiie invention, kits may be produced and specific binding assay methods may be practiced 
for analysis of a sut)strate in a sample according to a method employing a solution comprising a coltoidat 
particle labelled material. The method also employs a chromatographic medium having capillarity and tiie 

35 capacity for chromatographic solvent transport of non-lmnnobiiized reagents and reactive sample compo- 
nents l>y means of a selected chromatographic solvent Including a reaction site including an immobilized ' 
reagent capable of binding a member selected from tiie group consisting of the sul)stance to be analyzed 
and the colloidal particle labelled material. The method comprises (a) contacting the sample to be analyzed 
to tiie chromatographic medium, (b) chromatographicaily transporting on said chromatographic medium said 

40 colloidal particle labelled material whereby at least a portion of said collotdal particle labelled material Is 
chromatographically transported to tiie reaction site for binding thereto, and (c) determining tiie detectable 
response produced by said colloidal material at tiie reaction site as an indication of the presence or amount 
of the substance in tiie sample. 

According to preferred embodimente of tiie invention, tiie affinity of the Immobliized reagent and the 

45 concentrations of reagente and sample materials may be selected by one of skill in tiie art such that the 
coltokJal particle labelled material is accumulated at tiie* reaction site and Is detectable over tiie background 
stream of tiie non-concentrated collddal particle lat)elled material. Where tiiis is not the case, tiie 
chrematographic medium may be subjected to a wash or rinse step to remove the unbound labelled 
material. Such wash steps may also be inherentiy canied out according to tiie procedures of co-owned and 

so copending U.S. Patent Application Serial No. 912,878. 

It is also to be understood that said sample to be analyzed, said colloidal particle lat)elled material, said 
chromatographic solvent and other solvente and reagente may be mixed with each otiier according to 
various possible combinations prior to ttieir contacting tiie chromatographic medium and tiiat these mixtures 
and various componente may be contacted to tiie chromatographic medium in various sequences as wouMI 

55 be apparent according to tiie skill in tiie arL It Is to be further understood that the chromatographic solvent 
may be replaced by the sample or by the solution containing the colloidal particle labelled material where 
tiiese materials are capable of transporting tiie colloidal particle labelled material to the reaction site at 
which tiie reagent is immobilized. It is also to be understood ttiat tiie chromatographic solvent may 



7 



EP0299 428A2 



inherently be used according to the methods of co-owned and copending U.S. Patent Application tto. 
912.878 to wash unreacted labelled materials and other non-immobilized sample components from the 
reaction site at which the reagent is immobilized. Whan the labelled material is contacted to the 
chromatographic medium at the reaction site at which the reagent is disposed, the chromatographic solvent 

5 transport may be used to accelerate the binding reaction between the colloidal particle labelled material and 
other specific binding reagents as well as wash non-immobilized labelled material from the zone. 

A preferred embodiment of the invention is that wherein the indicator solution additionally comprises a , 
chromatographic transport facilitating agent and it and the sample are mixed and contacted to the 
chromatographic medium to provide for chromatographic transport of the analyte substance and the 

10 labelled specific binding material. According to other, embodiments, the sample material and the colloidal 
particle lat)elled material may be contacted to one or more reaction sites on the assay devire upstream of 
the reaction site at which the reagent is immobilized and the chromatographic medium is contacted with 
chromatographic solvent to transport the sample and the labelled material to the reaction site at which the 
second reagent is immobilized. 

f$ Sandwich-type assays may be practiced according to the method wherein the colloidal particle labelled 
material is capable of participating in a specific binding reaction with the analyte substance. CompetitKre 
binding assay methods may also be practiced wherein the colloidal particle labelled material is capable of 
partidpating in a specific binding reaction with the immobilized reagent Kits may be produced and the 
method may also be prEK^ticed wherein the chromatographic medium comprises a second reaction site 

20 impregnated with a secorxJ reagent which is immot^'Dzed against solvent transport and is capable of 
selective reaction with the colloidal particle labelled material to render it in an immobilized form in the 
second reaction site where It may be detected. In sandvrich-type assays, the presence of colloidal particle 
labelled material at the second reaction site acts as a control and confinms the reacthrity of the first reagent 
In competitive bunding assays, the presence of colloidal particle labelled material at the second reaction site 

25 indicates the degree of competition between the analyte substance and the immobilized reagent 

Other methods and devices are provided according to the invention wherein iat)elled specific binding 
materials including, but not limited to. colloidal particle labelled and enzyme labelled materials are 
incorporated on the chromatographic medium of an assay device in a dry fbrm which may be rapidly 
resolubilfzed and dvomatographically transported along the medium by selected chromatographic solvents. 

30 Such specific binding assay devices comprise a chromatographic medium having capillarity and the 
capacity for chromatographic solvent transport of one or more non-immobtlized reagents and reactive 
sample components by means of a selected chromatographic solvent The devices also comprise a first 
reaction site impregnated with a dried solution of a labelled material in the presence of a meta-soluble 
protein wherein the labelled material is capable of rapid solubilization and chromatographic solvent transport 

35 in the solvent and a second reaction site at which Is immobilized a reagent capable of binding with a 
member selected from the gmup consisting of the analyte substance and the lat)elled material. The device 
may be used by (a) contacting the sample with the chromatographic medium; (b) solutMltzing the labelled 
material and chromatographically transporting at least a portion of the lat)elled material to the second 
reaction site for binding thereto: and (c) detennining the detectable response produced by said labelled 

40 material at the second reaction site as an indication of the presence or amount of the substance In the 
sample. 

It is to be understood that the sample to be analyzed may be mixed with the chromatographic solvent 
and that the chromatographic medium may be contacted to the mixture of both. It is to be further 
understood that the chromatographic solvent may be replaced by said sample, said sample being capdbie 

45 of solubillzing said Immobilized first reagent and chromatographically transporting itself and said labelled 
first reagent to the second zone at which the second reagent is disposed. 

A preferred embodiment of the present invention Is that wherein the chromatographic solvent is 
replaced by the sample which Is capable of solubilizing the dried labelled material and transporting the 
analyte substance and the labelled material to the second reaction site containing the immobilized reagent 

50 Sandwich4ype assays may be practiced according to the method wherein the labelled material is 
capable of participating in a specific binding reaction with the analyte substance. Competitive binding assay 
methods may also be practiced wherein the labelled material is capable of participating in a specific binding 
reaction with the immobilized reagent Devices may be produced and methods may also be practiced 
wherein the chromatographic medium comprises a third reaction site impregnated with a second reagent 

55 which is immobilized against solvent transport and Is capable of selective reaction witti ttte lat)elled material 
to render the labelled material In an immobilized fbrm at ttie ttiird reaction site where it can be detected. In 
sandwich^pe assays, tiie presence of labelled material at the tiiird reaction site acts as a control and 
confirms the reactivity of the labelled material. In competitive binding assays, tiie presence of lat^lled 



8 



EP0299 428A2 



material at ttie third reaction site indicates the degree of competition t>etween the anafyte substance and the 
lat)el!ed reagent 

The invention also provides a method for the stable storage of labile proteins including antibodies, 
antigens, and enzyme labelled and c^loldai particle labelled specific binding materials wherein the protein 

5 materials may be rapidly sotubilized by application of a suitable solvent The method comprises drying the 
protein material, preferably under a stream of air, on a sutDstrate in the presence of an aqueous medium 
containing a meta-soluble protein. The resulting product comprises a solid substrate upon which Is 
impregnated and dried a labile protein in the presence of an aqueous medium containing a meta-soluble 
protein. The^ substrate may generally be any solid material such as glass or plastic but is preferably a 

10 porous or fibrous matrix such as paper or nitrocellulose. The solid substrate may be In various forms such 
as strips, pellets or the wall of a test tube or microtiter well. The aqueous solution containing the meta- 
soluble protein, preferably casein, may optionally comprise chromatographic transport fadlitating agents 
such as polyethylene glycol, gelatin, bovine serum albumin and detergents. 

T5 

Mix and Run Assay Devices (Sandwich-Type) 

According to one aspect of the present invention, specific binding assays may be conducted according 
to mix and run techniques wherein an indicator solution comprising a colloidal particle labelled first specific 

20 binding reagent dissolved in a chromatographic transport fadlitating agent is mixed with the analyte 
substance containing sample. Assay devices according to the invention are then dipped in tiie mixture of 
sample and indicator solution which is chromatographlcally transported to a first ^ne where a second 
reagent has been immobilized. According to one embodiment of a sandwich-type assay proc^ure, the first 
and second reagents are capable of specific binding with the analyte. In this embodiment tiie labelled first 

25 reagent binds with tiie analyte after ttiey. have been mixed. The conjugate of tiie labelled first reagent and 
the analyte is then sut^iected to being immobilized by reaction with tiie second reagent and producing a 
visually detectable signal at the first zone. In tfte ai>sence of analyte. Ia£)elled first reagent will not bind at 
tiie zone and no signal will be produced tiiero. Alternative sandwich-type assay procedures may be 
followed wherein a tiilrd reagent which is specifically- reactive witii the labelled first roagent is Immobilized 

30 at a second zone to provide a control. Still other, competitive-type assay methods and devices are provided 
where the immobilized second reagent is specifically reactive with botfi tiie analyte and the labelled first 
reagent which compete for binding with the Immobilized reagent 

Referring to tiie drawing, Rgures la, 1b and tc depict a test device (10) for tiie detection of an analyte 
In a sample liquid comprising a lengtti of chromatographic substrate material (11) with a first end (14) at 

35 which chromatographic solvent transport begins, a second end (15) at which chromatographic solvent 
transport ends and a first zone (13) impregnated witii a second reagent which Is immobilized against 
solvent transport and is capable of selective reaction witii the analyte so as to render the analyte in an 
immobilized form. The device further comprises an inert support strip (12) to which the length of 
chromatographic material (11) is affixed. 

40 According to a procedure for use of tiie device (10), a quantity of the sample to be tested is mixed wMi 
an Indicator solution comprising a colloidal particle labelled first reagent and a chromatographic transport 
facilitating agent The quantity and concentration of the chromatographic transport facilitating agent in the 
indicator solution added to tiie sample is selected such tiiat it prevents aggregation and provides for rapid 
chromatographic solvent transport of tiie colloidal particle labelled specific binding reagent In sandwich- 

45 type mix and run assays, the labelled first reagent will react to specifically bind witii tiie analyte. The test 
device (10) is then dipped at its first end (14) into a container (16) containing tiie mixture of sample and 
indicator solution (17) and the sample/indicator solution mixture containing ttie latselled first reagent/analyte 
conjugate progresses tiirough tiie chromatographic material (11) to the first zone (13). The second specific 
binding reagent immobilized at the first zone (13) is also specifically reactive with tiie analyte and will react 

so witii tiie analyte or with first reagent/analyte conjugate to immobilize it at tiie first zone (13). The 
chromatographic solvent transport is such, however, tiiat labelled first reagent which is not conjugated with 
tiie analyte along with other sample and indicator solution materials which are not Immobilized at tiie first 
zone (13) are transported away from that zone, (^romatographlc solvent transport continues until the 
. sample/indicator solution mixture Is depleted or until tiie sample/Indicator solution front reaches tiie second 

55 end (15) of the device. 

Analyte present In a sample will bind wrtti tiie labelled first reagent and will be chromatographlcally 
transported to tiie first zone (13) where it will be immobilized by a specific binding reaction witii tiie second 
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reagent Where sufficient analyte is present in a sample, the number of colloidal particles thus immobilized 
at the first zone (13) win be such as to produce a visually distectable signal. Of .course, if no analyte is 
present In the sample, neither analyte nor labelled first reagent will be immobilized at the first zone, and no 
signal will be produced. 

5 

Mix arKj Run Assay Devices (Competition-Type) 

The device (10) according to Rgure 1 may also be modified to perfomn competition-type specific 
10 binding assays. Specifically, the colloidal particle labelled first reagent may be selected to compete with the 
analyte for binding wHh the immobilized second reagent Refenring to the drawing. Rgure 1 depicts a test 
device for performing mix and run competition-type assays. The device itself and the identity of the 
immotxlized second reagent is the same in the competition-type assay as In the sandwich-type assay. The 
only difference in the assay kits fies in the identity of tiie colloidal particle labelled first reagent material. In 
IS the sandwich-type assay kits of the invention, the labelled first reagent is specifically reactive with the 
analyte while in competition-type assays the lat>elled first reagent is a specific binding analogue of the 
analyte to be assayed and is specifically reactive with the immobilized second reagent in competition with 
ttie analyte. 

According to a procedure for use of ttie devk:e (10), a quantity of tiie sample to be tested is mixed with 
20 an indicator solution comprising a colloidal particle labelled first reagent in ttte presence of a chromatog- 
raphic transport facijitating agent The test device (10) is then dipped at its first end (14) Into a container 
(16) filled with tiie mixture of sample amJ indicator solution (17). The sample/indicator solution mixture 
containing tiie labelled first reagent and tiie analyte progresses through tiie chromatographic sul)strate 
material (1 1) to tiie first zone (13). The labelled first reagent and tiie analyte tiien compete to bind witii tiie 

29 second specific binding reagent Immobilized at tiie first zone (13). The chromatographic solvent transport is 
such, however, tiiat analyte and tiie coltoidal particle labelled first reagent materials which do not bind 
specifically with the immobilized second reagent are removed from tiie first zone (13) by tiie chromatog- 
raphic solvent Chromatographic solvent transport will continue until tiie quantity of sample/Indicator solution 
is depleted or until tiie solution front reaches tiie second end (15) of tiie device. 

30 The quantity of analyte present in tiie sample will determine tiie amount of labelled first reagent which 
binds at tiie first zone (13). Adjustmente of tiie quantity and/or binding affinity of tiie labelled first reagent 
can be made in order to determine the quantity of analyte present in tiie sample. 



35 Alternative Mix and Run (SandwidvAssay) 

According to anotiier aspect of tiie present invention, assay devices and kits are provided for 
performing sandwich-type assays which comprise a control function and whk:h provide a positive or 
negative signal for the detection of a particular analyte. Refening to tiie drawing. Figure 2 depicts a test 

40 device (20) comprising a lengtii of chromatographic subsfate material (21) witii a first end (25) at which 
chromatographic solvent transport begins, and a second end (26) at which chromatographic solvent 
transport ends. The device also Comprises a first zone (23) which may be separated and broken up into two 
or more areas and whfoh is impregnated witii a second reagent which is imrnobillzed against so^ent 
transport and is capable of selective reaction witii the analyte so as to render the analyte in an immobilized 

45 form. The device (20) also comprises a second zone (24) which is impregnated witii a thinj reagent which is 
immobilized against solvent transport and is capable of selective reaction with tiie coiloklal partide labelled 
first reagent 

The first and second zones (23) and (24) may be shaped such as to provide a signal of distinctive 
shape when one but not tiie other or when both comprise an immobilized roagent For example, tiie shapes 

50 of tiie first and second zones (23) and (24) are such In Rgure 2 tiiat when label is immobilized at tiie 
second zone (24) only a minus (-) sign Is indfoated. When, on tiie ottier hand, label is immobilized at botti 
the first (23) and second (24) zones a plus (-*-) sign is Indicated. 

It is prefenred tiiat tiie first zone impregnated witii a reagent spedfically reactive witii tiie analyte to be 
detected be oriented essentially perpendicular to the direction of chromatographic flow. This is because the 

55 analyte and hence tiie labelled specific binding reagent tend to become immobilized at tiie leading ratiier 
tiian tiie trailing edge of tiie zone. Where an etongatad zone is oriented witii tte major dimension parallel to 
the direction of chromatographic flow, the leading portion of tiie zone will trap a malority of tiie analyte with 
tiie result tiiat the trailing end traps littie analyte and tiie resulting visible signal has a shape which may be 
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misinterpreted. By orienting the first zone perpendicular to the direction of chromatographic flow, a stronger 
and more distinct positive detection signal is produced. 

According to a procedure for use of the device (20) a quantity of the sample to be tested is mixed with 
an indicator solution comprising a colloidal particle labelled first reagent in the presence of a chromatog- 

5 raphic transport fadiitaling agent The test device (20) is then dipped at its first end (25) into a container 
(27) containing a mixture of sample and indicator solution (28) and the sample/indicator solution containing 
the labelled first reagent/analyte conjugate progresses through the chromatographic material (21) to the first 
(23) and second (24) zones. The Immobilized second reagent material at the first zone (23) is spedficaiiy 
reactive with the analyte and will immobilize the analyte as well as any analyte/labelled first reagent 

TO conjugate. In addition, the immobilized third reagent material at the second zone (24) is specifically reactive 
with the lat)elled first reagent and will immobilize the first reagent as well as any anaJyte/labelled first 
reagent conjugate. 

Where analyte Is present in the sample, analyte/labelled first reagent conjugate will form in the mixture 
of the indicator solution and sample and the conjugate will be Immobilized at both the first (23) and second 

15 (24) zones thus, according to one embodiment produdng a plus (-t-) sign and positive signal. Where no 
analyte or less than a thresiiold amount is present in the sample, the first reagent will react with the third 
reagent at the second zone (24) and will be immobilized at that zone producing a visual signal. Because no 
analyte is present nothing will be immobilized at the first zone (23) and no signal will be produced and only 
a minus (-) sign will appear indicating the absence of analyte. The presence of the signal at the second 

20 zone (24) but not the first (23) in addition to indicating absence of analyte will indicate the mobility of the 
labelled first reagent and will serve as a control relating to the utility of the assay device. 



Alternative Mix and Run (Competitor»Type Assay) 

28 

According to another aspect of the present invention, assay devices and kits are provided for 
performing competition-type mix and run assays which comprise a first zone impregnated with a second 
reagent spedficaiiy reactive with the analyte to be detected and the colloidal partide labelled first reagent 
and one or more second zones impregnated with a third reagent spedficaiiy reactive with the labelled first 

so reagent and not with the analyte. 

Refening to the drawing, Figures 3a, 3b and 3c depict a test device (30) for the detection of an analyte 
in a sample liquid (40). The device (30) comprises a length of chromatographic substrate material ^1) with 
a first end (33) at which chromatographic solvent transport t>egins and a second end (34). (which Is not 
necessarily the second physical end of the strip) at which chromatographic solvent transport ends. The 

35 device (30) further comprises a first zone (35) impregnated with a second reagent which is immobilized 
• against solvent transport and is capable of selective reaction with a memk)er of the group consisting of the 
analyte and a colloidal particle labelled first reagent Downstream of the first zone (35) is located the second 
zone (36) which may optionally comprise more than one area and which Is impregnated with a third reagent 
which is immobilized against solvent transport and Is spedficaiiy reacth^e with the labelled first reagent but 

40 not with the analyte. The device also comprises a right-hand solvent barrier means (37) and a left-hand 
solvent barrier means (38) which focus the chromatographic flow of material from the first end (33) to the 
first (35) and second (38) zones. The solvent k>arrier means (37) and (38) also effectively lengthen the 
chromatographic substrate material 01) by providing ^dended chromatographic transport pathways to the 
second end (34). 

45 AcconJlng to a procedure for use of the device (30), a quantity of the sample to be tested is mixed with 
an indicator solution comprising a colloidal particle labelled first reagent in the presence of a chromatog* 
raphic transport fadlitating agent The first reagent is a specific binding analogue of the analyte to be 
assayed and Is specifically reactive with the immobilized second reagent at the first zone (35). The test 
device (30) is then dipped at its first end (33) into a container (39) filled with the mixture (40) of sample and 

50 indicator solution. The sample/indicator sokition mixture containing the labelled first reagent and the analyte 
progresses through the chron>atographic material (31) to the first zone (35). The colloidal particle labelled 
first reagent and the analyte then compete to bind with the second specific binding reagent Immobilized at 
the first zone (35). The chromatographic solvent transport is such, however, that analyte and lat)elled first 
reagent materials which do not bind specifically with the immobilized second reagent are removed from the 

55 first zone (35) by the chromatographic sohrent and are transported toward the second end (34) and to the 
second zone(s) (38). The labelled first reagent which can be a mouse anti-second reagent antibody when 
the analyte to be detected is a human anti-second reagent antibody, then reacts with the third reagent 
(which can be anti-mouse IgQ antibodies) immoblUzed at the second zone (36) which is specifically reactive 
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with the labelled first reagent but not the analyte. The third reagent reacts with the labelled first reagent 
imniotNlizing it at the second zone (36) producing a detectable signal. The device may optionally comprise 
additional "second zones' such that where an excess of lat)elled first reagent is mixed with the sample 
material and the labelled first reagent Is partially or wholly displaced from binding at the first zone (35), the 
5 degree of displacement may be determined from the extent of binding at the second zone(s) (36). 
Chromatographic solvent transport will continue and the sample/indicator solution will progress through the 
device until the quantity of sample/Indicator solution is depleted or until the solution front progresses around 
the right-hand (37) and left-hand ^) solvent barrier means and reaches the second end (34) of the device. 

10 

Pre-impreonated Labelled Specific Binding Material E)evices 

An alternative aspect of the present Invention relates to specific binding assay devices wherein lat^elied 
specific binding reagents including those with colloidal particle or enzyme labels which are capable of 

15 chromatographic solvent transport are Impregnated and dried onto the chromatographic substrate materials 
of the devices. It has surprisingly been found that drying of the labelled specific binding reagent materials in 
the presence of meta-solubie proteins, such as casein, not only provides for the rapid chromatographic 
solvent transport of labelled materials, txit also provides for the rapid resolubillzation of such labelled 
materials impregnated and dried onto the chromatographic sul)strate materials. The labelled reagents thus 

20 resdubilized are capable of being efficiently transported by means of conventional chromatographic solvent 
systems and of reacting in the specific binding assays. 

The ability to impregnate chromatographic substrate materials witii the labelled specific binding 
reagents, which may then be resolublilzed. makes possible the practice of a variety of assay procedures 
which avoid the use of labelled reagent addition steps. Botii sandwich-type and competition-type assays 

2S may be conducted using the kits and strips of the present invention. 



Sandwich Assay Device 

30 Referring to the drawing, Rgures 4a, 4b and 4c depict a test device (50) for the detection of an analyte 
in a sample wherein a labelled first reagent is impregnated and dried onto the device (50). The device (50) 
comprises a lengtii of chromatographic substrate material (51) witti a first end (54) at whk:h chromatog- 
raphk: solvent transport begins and second ends (58) at which chromatographic solvent transport ends. The 
lengtii of material (51) comprises a first zone (55). a second zone (56) and a third zone (57). 

35 Between the first end (54) and the first zone (55) Is a delaying box defined by a right-forward solvent 
barrier means (60). a left-forward soh^ent banier means (61) and a transverse solvent barrier means (62). 
The right-fbPArard solvent banier means (60) and tiie right edge (63). of tiie material define a right-hand 
chromatographic solvent transport pattiway. and the left-fon^rard solvent banier means (61) and the left edge 
(64) of tiie material define a left-hand chromatographic solvent transport pathway. The right-hand and left- 

40 hand chromatographic solvent transport pattiways meet downstream of tiie first zone (55) and the delaying 
box to fbrm a center chromatographic transport patiiway in which are located said second (56) and ttiird 
(57) zones defined by a right-reanftfard solvent banier means (65) and a left*rearward solvent barrier means 
^6). Downstream of the ttiird zone (57). the right-reanward solvent banier means (65) and tiie right edge 
(63) and the left-rearward solvent banier means (66) and the left edge (64) define chromatographic solvent 

4s transport pathways leading to second ends (58) at which chromatographic solvent transport ends. 

The first zone ^5) is impregnated witti a labelled first specific binding reagent which is mobile In a 
chromatographic solvent (68) and is capable of reaction witti and immobilization against solvent transport by 
tiie analyte when ttie analyte is in immobilized fonn. The second zone (56) is downstream of tiie first zone 
(55) and provides a suitable site for receiving the sample to be analyzed. The third zone (57) is downstream 

50 of the second zone (56) and is impregnated witti a second reagent which is immobilized against solvent 
transport and is capable of selective reaction witti ttie analyte so as to render ttie analyto in an immobinzed 
fbrni. The device furttier comprises an Inert support strip (52) to which the lengtii of chromatographic 
substrate material (51) Is affixed. The device additionally comprises a cover plate (53) which may optionally 
be transparent and may be placed over the length of the chromatographic material (51) leaving exposed the 

55 first end (54) of ttie material. The cover plato (53) defines an opening conresponding to and leaving exposed 
ttie second zone (56). A removable tab (59) covere ttie second zone (66). 

According to a procedure for use of device (50) of Rgures 4a, 4b and 4c. ttie first tab (59) is removed 
from ttie device (50), a sample of ttie material to be tested is applied to tiie second zone (56) and ttie 
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removable tab (59) is replaced. The device (50) is then contacted at its first end (54) into a container (67) of 
chromatographic solvent (68). The chromatographic solvent (48) then progresses through the length of 
chromatographic material passing along the rlght«hand and left*hand chromatographic solvent transport 
pathways to the center chromatographic transport pathway. Some of the solvent is transported upward 

5 toward the second zone (56) while some of the solvent is transported downward toward the first zone (55) 
solubilizing the labelled first reagent A portion of the chromatographic solvent (68) from the first end (54) 
passes between the right-forward solvent barrier means (60) and left-forward solvent barrier means (61) into 
the delaying box. The chromatographic solvent passes around the transverse solvent banier means (62) 
which delays its flow before it is transported toward the first zone (55). The labelled first reagent at the first 

10 zone has already been solubilized by solvent from the right and left-hand solvent transport pathways and 
the solvent progressing through the delaying box upon reaching the solubilized first reegent starts to 
transport the first reagent toward the second zone (56). The chromatographic solvent (68) which was 
transported through the right-hand and left-hand solvent transport pathways then contacts the sample 
applied to' the second zone (56) and transports the sample to the third zone (57). There, the immobilized 

75 second reagent material selectively reacts with analyte present in the sample so as to immobilize it Non- 
analyte components of the sample are transported away from the thinj zone (57). The labelled first reagent 
is then transported to the third zone (57) where it is Immobilized against solvent transport by the analyte 
when any analyte Is in immobiilzed form. Chromatographic solvent transport of the anaiyte^lepieted sample 
and first reagent continues until the chromatographic solvent (68) reaches the second end (58) of the 

20 material. 

A variety of sandwich-type assay devices including dried lat>elled reagents and preferably Including 
dried enzyme labelled and colloidal particle labelled reagents may be produced acconiing to the invention, 
it Is frequentiy desirable to avoid prematura contact of analyte and sample materials with the reagents and 
contact of tiie reagents with each other. Thus, the relative mobility of the sample components and the 

25 various reagents or the site relationship between \he zones may be selected such that the reagents and 
sample components mix at only the times and locations desired. Co-owned and copending U.S. Patent 
Application Serial Na 912.878 discloses various mettiods and devices fbr conducting chromatographic 
solvent transport assays where it is desired to avoid contact of a labelled first reagent material (such as an 
anti-human immunoglobulin antibody) with sample material (such as semm) prior to the time at which tiie 

30 analyte antibody is ImmotHlized against solvent transport at a reaction zone and other non-analyte 
antibodies contained in tiie serum sample are cleared from ttie tiiird zone by chromatographic soh/ent 
transport The use of acceleration and delay pathways can also be particularly useful in preventing drying of 
sample materials or otiier reagents. 

35 

Competition Assay Device 

The assay devices of tiie present invention comprising soiubilizable specific binding reag^ts are also 
suitable fbr ttie practice of competitive binding type assays. According to such mettiods, the immobilized 

40 second reagent is selected, as In sandwich-type assays, so as to specifically bind witti the analyte of 
interest The labelled first reagent however, is selected to be a specific binding analogue of tiie analyte 
which will bind competitively with the immobilized second reagent in carrying out competition type assays 
according to tiie invention, it is generally not necessary tiiat tiie analyte and tiie colloidal particle labelled 
reagent be prevented from contacting each other prior to their contacting tiie immobilized second roagent 

45 ThuSr tiie device may be designed so as to mix the analyte containing sample and ttie labelled first reagent 
Of course, if so desired, tiie device may be designed so as to prevent contact of the sample and labelled 
first reagents until after their contacting the immot:»lized second reagent. 

Referring to the drawing. Figures 5a. 5b and 5c depict a test device (70) fbr conducting competitive 
binding assays fbr detection of an analyte in a sample wherein a labelled first roagent is impregnated and 

so dried onto the device (70). The device (70) comprises a lengtti of chromatographic substrate material (71) 
with a first end (74) at which chromatographic solvent transport begins and a second end (77) at which 
chromatographic solvent transport ends. The length of material (71) comprises a first zone (75) and a 
second zone (76). The first zone is impregnated witii a labelled first reagent in tiie presence of a meta- 
soluble protein containing anti-aggregation buffer. The second zone (76) is downstream of ttie first zone (75) 

65 and is impregnated with a second reagent which Is capable of a selective binding reaction with botii the 
analyte and ttie labelled first reagent so as to render the analyte and labelled first reagent in immobilized 
form. The device furtiier comprises an Inert Support strip (72) to which ttie lengtti of chromatographic 
substrate material (71) is affixed. The device additionally comprises a cover plate (73) which is placed over 
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the length of the chromatographic suk>strate material (71) leaving exposed the first end (74) of the material. 
The cover plate (73) defines an opening corresponding to and leaving exposed the first zone (75) which is 
' covered by a removable tab (78). 

According to a procedure for use of device (70) of Rgures 5a, 5b and 5c, the tab (78) is removed from 

5 the device (70). a sample of the material to be tested is applied to the first zone (75) and the tab (78) is 
replaced. The device (70) is then contacted at its first end (74) into a container (79) of chromatographic 
solvent (80). The chromatographic sohfont (80) then progresses through the length of the chromatographic 
substrate material (71) transporting the lat>eiled first reagent impregnated at the first zone (75) and the 
sample deposited there to the second zone (76). There the analyte and labelled first reagent compete to 

10 bind with the immobilized second reagent for which they are both specifically reactive. Non-analyte 
components as well as unbound analyte and first reagent material are transported away from the second 
zone (76) by means of the chromatographic solvent transport which continues until the chromatographic 
solvent is exhausted or the solvent front reaches the second end (77) of the material. At the conclusion of 
the chromatographic solvent transport, the second zone (76) may be observed to detenmine the presence of 

T5 labelled first reagent Immobilized at that location. The presence of labelled first reagent at that location may 
then be related to the presence of analyte in the sample. Where the first reagent is labelled with colloidal 
particles, its prince at the second zone may be observed directly. Where the first reagent is labelled with 
an enzyme label, other reagents such as enzyme substratas and incficator dyes may be added to the 
second zone to visualize the presence of the first reagent 

20 

Description of the Colloidal Particles 

The present invention is directed to means for improving the chromatographic transport characteristics 

29 of colloidal particles used as labels In specific binding assays. The colloidal particles that may be used In 
conjunction with the methods, kits and devices of the present invention are those which may be used with 
specific binding assays generally. Particulariy well known is the use of colloidal metal particles and 
especiaJiy colloidal gold for carrying out immunoassays. Other colloidal parttoles such as polymerized dye 
particles which may also be used as labels In specific assay methods such as those of Hirschfeki. U.S. No. 

30 4.166.105 and Henry. U.S. No. 4.452.886. the disclosures of which are hereby incorporated by reference, 
may now t>e used in chromatographic transport specific binding assays. Particulariy preferred colloidal 
particle labels for use with the present invention include non-metal particles such as selenium, tellurium and 
sulfur with selenium being parttoularty prefenred according to co-owned and copending U.S. Application 
Serial No. [Attorney's Docket No. 4481]. the disctosure of which is hereby incorporated by reference. 

35 O^lbidal particles which are suitable as labels according to the invention include those which may be 
conjugated to specific binding reagents without interfering with the activity of such reagents or with other 
reagents or analytes. The particles must be detectable and preferably produce a visually detectable signal 
when present In relathfoly.low concentratkMis. Particles ranging in size firom about l nm to about 200 nm in 
diameter are generally suitable although both larger and smaller particles are also suitable for use according 

40 to the invention. The methods of the invention are particulariy useful with particles larger than atXMJt 1 nm in 
diameter which are particulariy susceptible to aggregatk)n. Particles larger than about 200 nm tend to 
exhibit diminished mobility and may tend to drop out of suspenston even sn tfie presertce of the 
chromatographic transport f^lltating agents of the present inventkm. Particles much larger may also have 
their transport limited by the pore size of the chromatographic transport material. Particles smaller than 

45 about 1 nm tend to exhibit superior chromatographic mobility to larger partjcles and in some cases may not 
require the use of the chromatographic transport facilitating agents of the present invention, ftovertheless. 
particles smaller than about 1 nm tend to provide weaker signals and are thus less suitable for use in assay 
procedures. 

(Colloidal metal particles are particularly suitat}le as labels according to the present invention and 
50 Include those particles which are comprised of metals or metal compounds including metal oxides, metal 
hydroxides or metal salts. Such particles generally vary in diameter firom about 1 nm to about 200 nm witii 
particles ranging In diameter from about 40 nm to about 80 nm being particulariy preferred. Particles may 
comprise pure metal or metal compounds but may also comprise polymer nuclei coated with metal, or metal 
compounds. Such particles are disclosed to have properties ^milar to tfiose of particles comprising pure 
55 metal or metal compounds. Suitable metals and metal compounds include those selected from ttie group 
consisting of ttie metals platinum. gokJ. silver and copper and the metal compounds, silver iodide, ^hrer 
bramlde. copper hydroxide, iron oxide, iron hydroxide or hydrous oxide, aluminum hydroxide, or hydrous 
oxide, chromium hydroxide or hydrous hydroxide, lead sulfide, mercury sulphkJe. barium sulphate and 
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titanium dioxide. Preferred Tnetal particles include those made up of gold silver or iron oxide. 

Coiloidal metal particles may be produced according to methods generally known in the art Specifi- 
cally. Frens, Nature, 241^. 20 (1973) the disclosure of . which is hereby incorporated by reference discloses 
methods for the production of gold sol particles of varying sizes. Gold particles may be produced by 

6 methods wherein a solution of gold chloride Is heated to boiling and Is then mixed with a solution of sodium 
citrate to reduce the gold chloride. Soon after mixing of the two solutions tiie boiling solution turns a faint 
blue indicating the onset of nucleation soon thereafter the blue color changes to red Indicating the formation 
of mono-disperse particles. Reduction of the gold chloride is complete after only a few more minutes of 
boiling. The resulting particle sizes may be controlled by variation of tiie concentration of the sodium citrate 

10 solution. Particles comprising other metals and metal compounds as well as particles comprising polymer 
nuclei may be obtained by similar methodologies. The colors of ttte visually detectable signal from the 
metal particle label Is dependent upon tiie identity and particle size of tt)e metal particle. For example, 
colloidal gold particles produce colors varying from orange to red to violet depending upon the particle size 
of ttie sol. 

IS NoTHTietat colloidal particles such as those of selenium, tellurium and sulfur may t>e produced 
according to the methods of co-owned and copending U.S. Application Serial No. [Attorney's Docket No. 
4481]. 



20. Conjuoafion of Binding Reagents with the Coltokial Particles 

The specific binding reagents of ttie Invention may be conjugated witti coltoidal particle labels according 
to methods generally known in tiie art. According to one general procedure, proteinaceous specific binding 
reagents and coiloidal particles are rapidly mixed together and are incubated in a solution to which an agent 

25 such as bovine serum albumin or polyethylene glycol is added. The suspension is centrlfuged first at low 
speed so as to remove any large aggregates and then at high speed to produce a pellet of ttie 
reagent/colloidal particle conjugate before ttie supernatant is aspirated and removed. The pellet is resuspen^ 
ded In a solution containing a chromatographic transport facilitating agent according to ttie invention. 

The colloidal particle lat>els need not be conjugated directiy to the specific binding reagents but may be 

so coated or pretreated wtti other reagents. Leuvering. U.S. Patent No. 4,313,734, ttie disclosure of which is 
hereby Incorporated by reference, discloses mettiods by which metal sol particles may be coated witti inert 
polymer and copolymer coatings. The metal sol may be brought into contact with ttie polymer or ttie sol 
can be placed in an environment containing one or more monomers and a polymerization reaction initiated. 
After coating witti ttie inert polymer ttie immunological specific binding component may be coupled to ttie 

35 coating material by adsorption or covalent binding. 



Description of the Meta^Soiuble Proteins 

40 As used herein, tiie term meta-soluble protein refers to those proteins which, in tiielr native form, are 
hydrophobic and poorly soluble in water but which when subjected to chemical treatment as by alkaline 
purification treatment, can be made more hydrophilic and ttius capable of forming unlfomn solutions or 
dispersions In water. Such chemical treatments serve to cleave hydrophot>k; fatty ackj groups from ttie 
protein molecules by cleavage of ester or ottier linkages. This cleavage leaves carboxy and hydroxy 

45 residues on ttie molecule, rendering the protein more hydrophllte at ttiose sites. Without intending to be 
limited to a single ttieory of the invention, it is believed ttiat alkaline treatment renders the meta-soluble 
proteins somewtiat detergent-like, ttiat is, presenting botti hydrophobic and hydrophilic aspects. Chemical 
treatment while required for practice of ttie invention, need not be alkaline treatment but may also be with 
ackJs. detergents or solvents such as akx)hol or urea. 

50 The proteins, when so treated, are capable of functioning as potent chromatographic transport 
facilitating agents tiius preventing aggregation and inactivation of labile proteins and reagents such as 
enzyme and colloidal particle labelled reagents. In addition, ttie treated meta-soluble proteins when dried 
witti a labile protein material, provides for ttie stable storage and prevents aggrsgation and Inactivation when 
maintained in a dry state while alk>wing the protein materials to be rapidly resolut)ilized and utilized in 

65 chromatographic transport assays if so desired. The labile protein materials include antibodies, antigens or 
other specific binding pmteins including such proteins labelled witti enzymes, colloidal particles or other 
labels. Preferred meta-soluble proteins include materials such as casein, zein and a non-alt>umln compo- 
nent of egg white protein wfth casein In concentrations of from 1 to 5% being particulariy pref^nred for use 
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with the invention. Preferred materials include vitamin free casein (Sigma Chemical Co.. St Louis. MO. 
catalogue No. C-3400). Zein (Sigma, catalogue No. Z-3625) and egg white protein (Sigma, catalogue No. A- 
5253) which comprises t)oth the meta-sotuble protein responsible for solubilization and transport and the 
inactive albumin fractions. It is known that the egg white component responsible for solubilization and 
5 transport Is not egg white albumin as the pure albumin material does not promote resolubilizadon and 
transport. 



Description of the Chromatographic Transport Facilitating Agents 

10 

As used herein, the term chromatographic transport facilitating agents refers to those materials which 
prevent aggregation and inactivation of specific tending materials and reagents in solution and. further, 
which promote their chromatographic transport The agents may be liquids or may be solids, in which case 
they are preferably dissolved in a solution such as a buffer salt solution. Suitable chromatographic transport 

15 f^lltating agents Include materials such as polyethylene glycol, proteinaceous materials such as gelatin 
and bovine serum albumin and detergents such as sodium dodecyl sulfate (SDS). sodium deoxycholate 
. (DOC) and Triton X 100. Particulariy prefenred is the use of metarsoluble protein materials such as casein. 
Meta-solubie proteins may also be used to impregnate and dry labelled reagents onto solid substrate 
materials including chromatographic substrate materials In such a manner that the labelled reagents may be 

20 rapidly resolubilized and transported, if desired, by means of chromatographic solvent transport 

Where the chromatographic transport facilitating agent is to be mixed with the labelled material and 
utilized as a component of an indicator solution with mix and run kits, it preferably comprises casein or 
another treated meta-soluble protein in combinaSon with other chromatographic transport facilitating agents 
such as PEG with buffer salt solution. A particulariy preferred chromatographic transport fadlitating buffer 

25 comprises 2% casein in combination with 0.1% PEG in PBS. The concentration of the components of the 
buffer and of the Indicator solution are selected in the practice of the mix and run kits of the invention such 
that for a given sample size sufficient concentrations of the components are provkled to prevent aggrega- 
tton and inactivation of the labelled reagents and promote their chromatographic sohfent transport 

Colloidal particle labelled specific t>lndlng reagents in the presence of casein containing solutions can 

30 have Rf values approaching 1.0 while colloidal labelled materials In buffers containing PEG can have Rf 
values approaching 0.7. Caseit) concentrations in suitable chromatographic transport fadlitating buffers 
range from between about 0.1% (w/v) to greater than about 5% with concentrations of about 2% being 
prefenred. It is noted that concentrations greater than about 5% do not appear to assist the anti-aggregatton 
or chromatographic transport facilitating qualities of the buffer while they may, however, tend to interfere 

35 with resolubilization of labelled reagents dried onto the test strips of the invention. 

Solutions comprising PEG as the only chromatographic transport faciritating agent are suitat)le for 
practice of some aspects of the present invention. PEG containing buffers have Rfs as high as 0.7. 
Prefenred PEG concentrations in suitable chromatographic transport facintating buffers range from about 
0.05% to about 2% with about 1% being preferred. Suitable PEG polymers may have a variety of molecular 

40 weights, with nrK)lecular weights of about 20,000 being particulariy preferred. 

Gelatin is generally unsuitable for use akMie as a chromatographic transport facilitating agent as 
soluttons containing it provide for an Rf of only about 0.2. It may nevertheless be useful when combined 
with other antl^aggregation materials of the invention. (Selatin is generally unsuitable, however, when used in 
concentrations greater than about 2% as it contributes to the tendency to aggregate. 

45 Buffer solutions suitable for use with the chromatographic transport facilitating agents of the invention 
shouM have a pH between about 5 and 9 and shoukl not Interfere with the reactivity of the analyte or 
reagents or th^'r chromatographic transport Prefenred buffer solutions have pHs of about 7 and include 
buffers such as Tris and PBS. 

50 

Description of the Chromatographic Media 

Chromatographic media useful with tiie present invention include those chromatographic sut>strate 
materials having capillarity and the capacity for chromatographic solvent transport of non-immobilized 
55 reagents and reacth^ sample components by means of a selected chromatographic solvent The 
chromatographic substrate materials used with the invention are preferably in the form of strips, but it is 
contemplated that they may be in other forms including, but not limited to. particles or gel materials in a 
chromatographic column. While a wide variety of chromatographic strip materials such as woven and non- 
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woven fibrous materials used fbr paper chromatography are suitable for use with the Invention, the use of 
microporous or microgranular thin layer chromatography substrates is particularly prefenred as the use of 
such substrates improves the speed and resolution of the assays according to the invention. The materials 
should preferably be inert and generally not react physically or chemically with any of the sample 

5 components, reagents, colloidal particle labels, buffers or reaction products. 

Thin layer chromatographic substrate materials particularly suitable for use with the present invention 
include granular thin layer chromatographic materials such as silica or microgranular cellulose. Preferred 
non-granular microporous materials Include microporous cellulose esters, for example, esters of cellulose 
with an aliphatic carboxyHc acid, such as an alkane carboxylic add, having from 1 to 7 carbon atoms, e.g.. 

10 acetic add, propionic add. or any of the butyric acids or valeric adds. Espedally preferred are microporous 
materials made from nitrocellulose, by which term any nitric add ester of cellulose is intended. Suitable 
materials mdvae nitrocellulose in combination with any of the said carboxylic add cellulose esters. Thus, 
pure nitrocellulose esters can be used as consisting of an ester of cellulose having approximately 3 nitric 
groups per 6 carbon atoms. Most prefenred is a Type SMWP material (Millipore Corp.. Bedford. Massachu- 

16 setts) which has a pore size of 5 um. 

The various chromatographic substrate materials may be used as such in suitable shapes such as films, 
strips or sheets. They may also be coated onto or bonded or laminated to appropriate Inert support 
materials such as paper, glass, plastic, metal or fabrics. (One preferred inert support material Is Mylar.) 
Such a support material not only has the effect of providing structural support to the chromatographic 

20 substrate material but also prevents evaporation of reagent and solvent materials during the assay 
procedure. Cover plates may also be fashioned of such inert materials. Cover plates, aHhough not required 
for practice of ttie Invention, {end ^jditional structural support and further prevent evaporation of reagent 
and solvent materials during the assay procedure. Such cover plates may be transparent for viewing tiie 
progression of the assay and may comprise ports for addition of sample materials, chromatographic solvent 

25 or reagents. 

The chromatographic medium upon which tiie assays are conducted may be any shape or size but is 
preferably in the form of strips of thickness In the range of from atx>ut 0.01 mm to about 0.5 mm, and most 
preferably of ai)out 0.1 mm. The strips may vary widely in their otiier dimensions but are preferably kept 
fairly small in order to shorten the assay development time and minimize material usage. When ti^ strifes 

30 are extremely small in size they may be attached to a suitable handle or holder In order to aid in handling 
and observation of results. Strips approximately 3 mm wide and up to 75 mm long have been found to bo 
particulariy suitable in tiie fabrication of single pathway devices according to the present Invention. The 
pore size may vary within wide limits but Is preferably between about 0.05 um and 20 um and preferably 
about 5 um. Pore size Is limited on the lower end by tiie size of tiie transported analytes, reagents and 

36 colloidal particle labels. If the pore size is too small, assay materials will be transported slowly or not at all. 
On tite higher end, pore size Is limited by binding capadty. It is generally desired that chromatographic 
transport be rapid with ttie transport and assay being completed wlttiin less ttian five minutes, and 
preferably less than or about two minutes. Chromatographic transport should not be so rapid that specific 
binding capacity Is lost as reagents do not have time to specifically bind with one another. The combination 

40 of pore size and substrata thickness may thus be varied according to ttie characteristics of the chromatog- 
raphic solvents, specific reagents, sample materials and collokJal particle labels used in order to obtain 
desired properties of speed and resolution. 

It Is desired that in forming ttie strip materials of ttie present invention ttiat any Irregularities in the 
materials or in the edges of tiie materials which might cause uneven ffow through tiie material be avoided. 

45 Means of foshloning the strip materials Include ttie use of a paper cutter witti a tungsten carbide rotary 
blade. A preferred means, however, involves ttie use of laser cutting which Is particularly suitat>le fbr use in 
mass production techniques. 

Because the chromatographic media of the device is preferably chemically inert it may have to be 
adivated at any zone where it is desired to immobilize a specific binding reagent lagalnst solvent transport 

60 Various metiiods will be required to render ttte reagent immobilized according to ttie particular chemical 
nature of tfie substrate material and ttie second reagent Generally, when ttie media is nitrocellulose or a 
mixed nitrocellulose ester, no spedal chemical linkage is required for ttie immobilization of reagents. 
Various techniques may be used for ottier materials and reagente whk:h include fonctionallzation witti 
materials such as carbonyldiimidazole, glutaraldehyde or sucdnic acid, or treabnent wltti materials such as 

55 cyanogen bromide. Ottier suitable reactions Indude treatment with Schiff bases and borohydride for 
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reduction of aldehydic, carbonyl and amino groups. ONA. RNA and certain antigens may be immobilized 
against solvent transport by .baking onto the chromatographic material. Baking may be carried out at 
temperatures ranging from about 60* C to about 120* C for times varying from about five minutes to about 
12 hours, but preferably at about 80* C for about two hours. 

5 

Solvent Transport Baniers 

Various means are known for achieving the sequential transport of reagents and sample materials such 
TO as are disclosed in co-owned and copending U.S. Application Serial No. 912,87a 

Solvent banners which block chromatographic ftow according to the Invention may be forned by various 
physical or chemical etching techniques. Gaps of less than 0.1 mm in width have been found to prevent the 
ftow of Gqutd. A preferred means for forming such barriers involves the use of laser etching techniques. A 
CO2 laser may be used according to one procedure wherein Mylar backed nitrocelluk)se Is mounted on a 
15 supporting fixture which is nuxinted on a computer controlled X-Y table capable of very close positioning 
tolerances. Alternatively, a beam moving mechanism may be used. Using a comt)ination of suitable optical 
lenses and careful beam focusing, a laser beam spot with a diameter of approximately 0.005 inches, can 
be focused on the nitrocellulose. By careful control of the laser power, a narrow path of nitrocellulose, 
approximately 0.005 inches wide, can either be removed from or melted to the Mylar backing. The use of a 
20 CO2 laser is particularty profaned because of the fevorable coupling effect of light from the laser with the 
nitrocellulose. Nevertheless, other types of lasers are suitable, provided that the laser beam wavelength 
produces the desired effect on the solvent transport material. Through use of a moving t>eam or an X-Y 
table, precteton paths baffled channels or other Intricate shapes may be generated on the nitrocellulose. 

25 

Descriptton of the SpecHte Binding Reagents 

Specific binding reagents useful with the present invention Include those materials which are members 
of a specific binding pair consisting of a ligand and a receptor. The llgand and receptor are related in that 

30 the receptor specifically binds to the llgand, being capable of distinguishing the ligand from other materials 
having similar characteristics. The methods, kits and devices according to the present inventkxi are 
particularly useful in the practice of immunological assay techniques where the specific binding reagents 
are antigens and antibocDes. Specific binding materials such as avidin. biotin. strepatavklln and antlbtotin 
may also be labelled with colkridal particles and utilized in chromatographk: solvent transport assays 

35 accor<fing to the invention. The methods, kits and devices may also prove useful in the practice of ONA and 
RNA hybridization assays and other specific binding assays such as those involving receptors for hormones 
or other biolo^cally active agents. 

Antibodies useful In conducting the immunoassays of the present Inventkxi include those specifically 
reactive wi^ various analytes the detection of which in biological fluids is desired. Such antibodies are 

40 preferably IgG or IgM antit)od]es or mixtures thereof, which are essentially free of association with 
antibodies capable of binding with non-analyte molecules. The antibodies may be polyclonal or monoclonal 
and are commercially available or may be obtained by mouse ascites, tissue culture or other techniques 
known to the art A typical descriptton of hybridoma procedure fbr the production of monoclonal antibodies 
may be found in Wands. J.R.. and V.R. Zurawski, Gastroenterotogy 80:225 (1981): Marshak-Rothstein, A., et 

45 al.; J. Immunol. 122:2491 (1979); 01, V.Y. and LA. Herzenberg. "Immunoglobulin Producing Hybrid", 
MIshell. B.B. and S.M. Shilgl (eds.) Selected Methods in Cellular Immunology. San Francisco: W.H. 
Freeman Publishing. 1979; and U.S. Patent No. 4,515,893lssued to Kung. et al. The use of mixtures of 
monoclonal antibodies of differing antigenic spedlicitles or of monockxiaf antibodies and polyclonal 
antibodies may be desired. It Is further contemplated that fragments of antibody nK)tecules may be used as 

50 specific binding reagents according to the inventton Including half antibody molecules and Fab. F^' or F- 
(ab'h fragments known in the art Regardless of the particular source or type of antibodies, however. It is 
preferred that they be generally free of Impurities. The antibodies may be purified by column chromatog- 
raphk: or other conventional means but are preferably purified according to known affinity purification 
techniques. 

55 Antigens and haptens useful In canrying out tiie Immunoassays of tiie present invention include those 
materials, whether natural or synthesized, whidi present antigenic determinants fbr whk:h ttie analyte 
antibodies are specifically reactive when presented on the chromatographic strip materials of ttie Invention. 
Syntiiesized antigens Include those which are constructed according to conventional chemical syntheses as 
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well as those constructed according to recombinant DNA techniques. Antigen materials may also be 
labeiied with enzymes and colloidal particles according to the invention and used in ^dwich type assays 
for the detection of antibody analytes or in competition assays for the detection of antigen analytes. 

The methods and devices according to the present invention are expected to be useful In the practice 

5 of a wide variety of specific binding assays including nucleic add hybridization assays. DNA and RNA 
hybridization materials useful according to the present invention would include DNA and RNA poly- 
nucleotide probes having base sequences generally complementary to those of analyte gene materials. The 
probes of the Invention will generally have between about 25 and about 10.000 bases and preferably 
between about 30 and about 5.000 bases. The probes need not be perfectly complementary to the base 

10 sequences of anaiyte gene materials and will generally hybridize provided at)out 70% or greater homology 
exists between the base sequences. Conditions relating to DNA and RNA hybridization are disclosed 
generally in Crosa, et ah, J. Bad 115(3). 904-911 (1973). Polynucleotide probe materials may be obtained 
according to techniques well known in the art See, e.g., Kbrhberg. DNA Replication, W.H. Freeman and 
Co.. San Francisco, 670-679 (1978); Dallas, et ah. J. Bacteriol. 139, 850-858 (1979) and So. et ai.. Nature. 

16 277.453-468(1979). 



Description of Blocking Agents 

20 Stocking agents useful In preparation of devices for the specific binding of the present Invention are 
those agents capable of btoddng excess binding sites on the chromatographic media which might hinder 
chromatographic solvent transport of sample materials or reagents of the inventton. It Is generally not 
necessary to block the chromatographic substrate material In the practice of mix and run assays wtiere the 
specific binding reagents are mixed with the sample material and the chromatographic solvent Blocking of 

2S excess binding sites on the chromatographic solvent material is particularly useful, however, where the 
sample or any reagents are impregnated on the strip in the absence of chromatographk: solvent In the 
construction of devices of ttie pr^ent invention, the chromatographic media is impregnated with the 
reagent(s) to be immobilized at the location(s) desired. Once the reagent(s) has (have) been immobilized at 
the desired zones, the strip is then processed so as to bkx:k excess binding sites of the chromatographic 

3Q material which might interim with chn3matographic sclent transport of other reagents or sample materials. 
Particularly suitable is the use of bk)cking solutions comprising proteins from sources such as casein, 
gelatin or total serum. Such proteins are selected to not interfere with or cross-react with reagent materials 
of the assays. Blocking of the sites may preferably be conducted by dipping the chromatography substrate 
materials in a solutton of 0.2% casein in physiological saline and air drying the strip materials. Other 

ss methods include dipping In solutions of 0.1% gelatin or 0.1% BSA fbltowed by air drying of the substrate 
materials. 



Description of the Chromatographic Solvent System 

Kits for performing "dip and run" assays according to the invention utilize mixtures of the sample 
materials and indkxrtor solutions themselves for chromatographic transport of the mobile elements of the 
assays. Where the assay devices are not of the dip and run fbrmat and sample materials are applied in 
smaller quantities to tocations not at tiie first end of tfie assay devices, chromatographic solvents a^e 

4S required fbr transport of tiie various reagents and sample components on the assay devices. 

Suitable chromatographic solvent systems for specific binding assays according to the invention are 
ttiose capable of solubillzing the analyte. labelled reagents and any additional reagents and materials and 
transporting them on the chromatographic material. Such solvents shouM have sufficient ionic strengtii to 
prevent electrostatic interaction of tiie transported materials witti tiie strip material. A prefen'ed solvent Ibr 

BO use in immunoassay procedures according to ttie invention is physiotogical saline solution with a pH in tiie 
neutral range. Proteins as well as detergents such as sodium dodecyl sulfate (SDS). Triton X-100 and 
sodium deoxycholate (DOC) may be Incorporated In tiie chromatpgraphk: soh^ent in quantities which 
minimize non-specific binding witti the strip material but not in such excess as woukt prevent ttie desired 
binding and immobilization reactions. Otiier chromatographic soh/ents such as high performance X^\M 

55 chromatography (HPLC) solvents and high performance titin layer chromatography (HPTLC) solvents which 
favor solubilization of proteins and other reactants and minimize tending to strip materials such as 
nitrocellulose may also be used. 
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EXAMPLE 1 



According to this example, casein was subjected to an alkaline treatment purification procedure. Two 
5 hundred grams of essentially vitamin free casein (Sigma Chemical Co.. St Louis. MO, catalogue no. C- 
3400) was mixed with 800 ml of distilled water. One liter of 2 M sodium hydroxide was then added, followed 
by 4 ml of 30% hydrogen peroxide and the mixture was mixed overnight at room temperature. 

The material was filtered through Whatman No. 1 filter paper on a Buchner funnel and approximately 
94.6 ml of 100% (glacial) acetic acid was added to the filtrate to bring the pH to 7.5. The mixture was again 
10 filtered, as befbre, and approximately 220 ml of acetic acid was added to the filtrate to bring the pH to 
about 4.5. The mixture was incubated for 30 minutes during which time a large taffy-like lump fell out of 
solution. The supemate was centrifuged at 2800 rpm in a small RC5C centrifuge for 30 minutes and the 
pellet was added to the taffy-like lump which was then washed with detontzed water. 

The taffy-like material was then stinBd and dissolved in one liter of 0.15 M aqueous ammonia solution. 
T5 (In the event that the casein does not go into solution, concentrated (15 M) ammofuum hydroxide solution 
should be added until the pH reaches 7.5.) The casein was then lyophilized overnight when it was 
completely dried, having a yield of 136 grams. 



20 EXAMPLE 2 



According to this example, a collokial gold/antitxxJy conjugate was produced fbr practice of the 
methods of the present invention, Siliconized glassware (Sigma silicote) was utilized throughout the 

25 procedure wherein 200 ml of 0.01% gold chtoride (HAUCU.3H2O) (Rsher Scientific. (3-54-1) was brought to 
a boil and 2 ml of 1% sodium citrate solution was added and ttie boiling is continued fbr 5 minutes until tiie 
cotor of the solution changes from pale yelkiw to purple to red. A solution of potassium cart)onate (0.02M) 
was added to the suspension in order to adjust ttie pH to 7.6. fbltowed by addition of goat anti-human igQ 
(1 mg/m\) (Kiricegaard-Perry. (Saittiersburg. MD) such that approximately 10 ug IgQ was added per mi of 

30 gold suspension (0.01% gold). 

After one minute of incubation at room temperature. 0.1 ml of a solution of 30% bovine semm albumin 
in water was added to 10 ml of the gokJ suspenston. Aggregated material was removed by centrifugation at 
3000 rpm in the SS34 rotor of a Sorval RC5C centrifuge fbr 10 minutes. The supemato was sui>iected to an 
additional centrifugation step at 6000 rpm for one hour. The colloidal gold conjugate in the pellet was 

39 resuspended in 2% bovine semm albumin In PBS (0.05 M potassium phosphate buffer, pH 7.4. in 0.9% 
NaCI). the prefenred conditions fbr liquid storage being at 4*0. The meta-soluble preparation of casein, 
prepared as In Example 1. was added to give a concentration of 1% immediately before application to ttie 
memtxrane. The conjugate was tiien stored fbr protonged periods in ttie dry state, witti no toss of activity 
after 6 months storage at 37*Cln ttie dry state. 

40 

EXAMPLE 3 



46 Accorcfing to this example, sandwich-type immunoassay devices fbr the detection of rubella antibodies 
were constructed and used. MIcroporous nitrocellulose material with a thickness of approximately 0.1 mm 
and an average pore size of 5 urn was laminated witti mylar and adhesive (Monokote. Top Fllte Models. 
Inc.. Chicago. IL). Strips measuring 1 cm by 3.5 cm were cut by high powered laser and solvent transport 
lanes and a delaying box were tohk)ned by laser etching according to the general design of ttie device of 

so RQ. 4. Rubella antigen (Abbott Laboratories. Nortti Chicago. IL) (0.2 ul, 2500 HA titer) was applied to ttie 
strips at a ttiird zone where it was immobilized and air dried. iW-spedflc binding sites on ttie chromatog- 
raphic strip materials were then blocked by Incubation fbr 10 minutes at room temperature witti a 0.1% 
solution of LB gelatin In water (Inotech. Wohlen. Switzeriand) and ttie strips were altowed to dry under a 
stream of air. One al of gokj particle lat)elled goat anti-human IgQ in an anti-aggregation buffer produced 

65 according to Example 2 was then applied to a first zone of each strip (adjacent to ttie delay box) and dried. 
Po^tive and negative semm samples fbr ttie rubella antibody were ttien appUed to ttie second zones 
between ttie first and ttiird zones and ttie first end of ttie strips were dipped Into a chromatographic 
transport solvent comprising TBS and 1% Triton X 100. The liquid front was altowed to progress to ttie 
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second ends of the devices over a period of approximately 2JS minutes transporting the sample material 
and the gold lat^elled goat anti-human IgQ to the third zone. Positive sera arxj the immotdilization of the 
labelled first reagent resulted in the presence of a red spot at the third zone. Strips tested with negative 
sera did not produce a signal at the third zone. 

5 

BCAMPLE4 



10 In this example a mix and run sandwich-type immunoassay device for the detection of human chorionic 
gonadotropin (HCG) was constructed and used. The device which Is fashioned of the same general design 
as the device of RG. 2 produces a signal confirming the presence of a labelled first specific reagent In the 
sample as a negative control and produces an additionai signal indicating the presence of the HCQ analyte. 
MIcroporous nitrocellulose material with a ihickrms of approxinrtately 0.1 mm and an average pore size of 5 

75 mm was laminated with mylar and cement (Monokote) according to the methods of Example 3. 

At a first zone, the strips were Impregnated with a second reagent comprising 0.35 ul of 2 mg/ml anti- 
HCQ polyclonal antibody in buffered saline containing 1% sucrose. At a second zone the strips were 
impregnated with a third reagent comprising 0.45 ul of a 100 ug/ml goat anti-mouse IgG in Tris buffered 
saline containing 1% sucrose. The two zones were located approximately 10 mm from the first end of the 

20 strip and were anranged such that the second zone was in the fbnm of a minus (-) sign and the first zone 
was located on two sides of the second zone so that the two zones together form a plus ( sign. 

Anti-HCG antibodies (Abbott Laboratories. North Chicago, IL) were incubated with 1 ml of colloidal gold 
suspension adjusted to pH 6.6 with potassium carbonate according to the method of Example 2 such that 
approximateiy 10 ug IgG was added per ml of gold suspension. Indicator solution was then prepared 

25 comprising 10 jxi of colloidal gold labelled anti-HCG antibody. The gold particle labelled antibodies were 
added to 10 ul of Tris-buffered safine containing 10% alkaline treated casein acconiing to Example 1 and 
1% PEG (M,W. 20X)00).- The indicator solution was then mixed with 100 ul of a urine sample to whteh 
varying amounts of HCQ had been added. 

The test strip was then contacted at its first end in the mixture of sample and indicator solution and the 

30 liquid front was allowed to rise through the zones to the second end of the strip. When the sample solution 
did not contain any of the HCG antigen the mixture of sample and indicator solution progressed through the 
strip. Upon contacting the second zone where the goat anti-mouse IgQ had been immobilized the labelled 
anti-HCG antibodies were immobilized by the selective Immunological reaction. As no HCQ was present in 
tiie sample solution there was no specific binding witii tiie second reagent immobilized at tiie first zone. 

35 The colloidal gold labelled reagents thus produced a visually detectable signal in the form of a minus (-) 
sign indicating operability of tiie reagents but afc»sence of HCQ in tiie sample. 

When the sample solution contained HCQ tiie labelled anti-HCG antibodies selectively bound to tiie 
analyte to form a labelled conjugate. The mixture of the sample solution and the indicator solution was 
transported by chromatographk: solvent transport through the first and second zones to tiie second end. 

40 Upon contacting tiie first zone where polyclonal anti-HCG antibodies had been immobilized the gold 
labelled antibody/HCG conjugate was immobilized by a specific binding reaction of tiie HCQ antigen witii 
tiie anti-HCQ antibodies. At the same time, tiie HCG/antibody conjugates and any unconjugated labelled 
anti-HCG antibodies contacting tiie second zone were immobltized by contacting tiie goat anti-mouse IgG 
antibodies immobilized at tiiat zone. The colloidal gold labelled reagents tiius immobilized at tx)tti tiie first 

45 and second zones produced a visually detectable signal in tiie form of a plus (-i-) sign indk:ating tiie 
presence of HCG in tiie sample. The sensitivity for HCG of tills format was detemnlned to be as tow as 25 
milli-IU/iml. 



60 EXAMPLES 



In tills example, a mix and run sandwteh-type immunoassay for tiie detection of A-polysaccharide (APS) 
was prepared and used according to the metiiods of Example 4. According to ttiis example, nitrocellulose 
55 strips were prepared according to Bcample 4 and were treated witii polyclonal anti-APS antibodies whtoh 
were immobilized at tiie first zone. 

Rabbit polyclonal anti-APS antibodies (Abbott i^ratories. Nortti Chicago, IL) were incubated witii 1 ml 
of coltoidai gold suspension adiusted to pH 72 with potassium carbonate according to tiie mettiod of' 
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Example 2 such that approximatsly 10 ug of anti-APS antibody was added per ml of gold suspension. An 
indicator solution was then prepared comprising 10 ul of colloidal gold lat>elled anti-APS antibodies. The 
gold particle labelled antibodies were added to 10 ul of Tris-buffered saline containing 10% alkaline treated 
casein according to Example 1 and 1% PEG. The indicator solution was then mixed with 100 ul of a swab 
5 extraction buffer for strep to which varying amounts of APS (Abbott l-aboratories. North Chicago. IL) had 
been added. 

The test strip was then dipped at its first end in the mixture of a sample and indicator solution and the 
liquid front was allowed to rise through the first zone to the second end of the strip. APS present in the 
samples reacted with and was bound to the anti-APS antibodies in the indicator solution to form a 
10 conjugate. These conjugates were then immoblHzed at the first zone by reaction k>etween the APS and the 
antt-APS polyclonal antibodies immobilized at the zone. The presence of APS in ttie swab extracted sample 
was indicated by the development of a purple color as a consequence of the concentration of the colloidal 
gold particles al the zone. The sensitivity for APS of devices according to this fbnnat was determined to be 
as low as 0.5 ngAnI APS. 

EXAMPLE 6 



20 In this example, sandwich-type immunoassay devices for the detection of swine anti-trichina antibodies 
were produced according to the general procedures of Example 3. Nitrocellulose assay strips were 
prepared and were treated with partially purified trichina antigen (United States Department of Agriculture) 
immobilized at a detection zone. 

(Colloidal selenium particles of various sizes were produced according to the methods of co-owned and 

25 copending U.S. Patent Application Serial No. (Attorney's Docket No. 4481] filed herewith. Various volumes 
(40. 80 and 150 ul aliquots) of concentrated selenium sol were pipetted into individual vials contaJnIng 4 mi 
of water each and the pH of each solution was acflusted to 72 by addition of 0.01 M potassium carbonate. 
To each of the vials was then added 150 ul of goat anti-swine antibody (1 mg/ml concentration) 
(Kirkegaard-Perry). The solutions were mixed and altowed to incut)ate for 10 minutes. A 0.5 ml aliquot of a 

30 0.5% solution of alkaline treated casein was added to each solution and mixed well. Three ml aliquots of 
each selenium conjugate solution were centrifuged in 1 mi portions on a TDx table centrifuge and the 
pellets were combined for each conjugate after the supematant was decanted off. The combined pellets of 
each conjugate were resuspended with a solutk>n of 4% casein in 20 ul of TBS. 0.5 ul aliquots of the 
selenium particle labelled antibody indicator solutions were then applied to a first zone of each strip 

35 (adjacent to the delay box) and dried. 

Positive and negative serum samples containing Trichina antibodies were then applied to the second 
zones of the devices between the first and third zones and the first end of the strips were dipped into a 
chrematographic transport solvent comprising TBS and 1% Triton X 1(X). The liquid front was alk^wed to 
progress to tf^ second ends of the devices over a period of approximately 2.5 minutes, transporting the 

40 sample material and the selenium labelled anti-swine antibodies to the third zone. All conjugates gave 
visible positive signals witti flie conjugate utilizing 80 nm selenium particles providing ttie best results. AH 
tiie conjugate solutions were tested s^ednst a negative control which in<ficated no specific tending. 



45 EXAMPLE 7 



In this example, a mix and run sandwich-type immunoassay device was constructed and used 
according to the general procedures of Example 4. Instead of incubating the anti-HCG antibodies with gold 

50 particles ttte antibodies were incut>alad with coltoidal selenium particles produced according to the methods 
of co-owned and copending U.S. Serial No. [Attorney's Docket No. 4481] Selenium particles of varying 
sizes were tested against varying concentrations of HCCI The conjugate utilizing 80 nm particles gave the 
best results with a detection limit of 20 mlUAnl. Antibodies labelled witti larger or smaller particles gave less 
sen^e results as shown in Table 1 below. All conjugate solutions were tasted against a negative coritrel 

65 which indk:ated no specific bintting. 
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Table 1 



5 



Partlde 


Detection Limit 


Size (nm) 


(mlU/mi) 


11 


500 


80 


20 


140 


50 


193 


50 


3(X) 


4000 



IS EXAMPLES 



Adxrding to this exampie« sandwich-type immunoassay devices for the detection of mbeWa antibodies 
were constmcted and used according to the general procedures of Example 3. Instead of the gold particle 

20 labelled goat anti^iuman IgQ, however, alkaline phosphatase labelled goat antl*human IgG (Kirkegaard- 
Penry) was used to detect the presence of mbella antibodies immobilized at the second zones. One ul of 1 
mg/ml of the alkaline phosphatase labelled IgQ was diluted in a PBS solution containing 1% alkaline treated 
casein and was applied to the first zone of each ^p and dried. The assay devices could then be 
constructed, stored for prolonged periods and used In the manner of the gold labelled assay devices of 

25 Example 3 with the exception that enzyme substrate and Indicator dye reagents must be added to the test 
strips in order to visualize the assay results. 

Numerous modifications and variations In practice of the invention are expected to occur to those 
skilled in the art upon conskleration of the foregoing descriptions of prefenred embodiments thereof. The 
use of colloidal particle labelled reagents in chromatographto assay techniques is of wide applicability and 

30 is not limited to the specific examples disclosed. It is thus, well within the skill in the art to practice the 
present invention according to a wide variety of methods and fonnats. Consequently, only such limitations 
should be placed on the lnventk)n as appear in the fbllowing claims. 



35 Claims 

1. A method fbr determining the presence or amount of a substance In a sample, which method 
comprises; 

(a) contacting said sample with a chrofnatographic medium, said medium having at least one reaction 
40 ^te including an immobilized reagent capable of binding a member selected from the group consisting of 

the suiDstance and a coiloldal particle labelled material capable of producing a detectable response, 

(b) chromatographically transporting on said chromatographic medium s^ collddai particle labelled 
material whereby at least a portion of said colloidal parUcie labelled material Is chromatographicaHy 
transported to the reaction site fbr binding thereto, and 

45 (c) detenmining the detectable response produced by sakl coltoklai material at the reaction site as an 

indication of the presence or amount of the substance in the sample. 

2. The method acconling to claim 1 wher^n said chromatographic medium comprises a second 
reaction site Including a second immobliized reagent which may be the same or different from said first 
Immobilized reagent and which is capable of binding with said colloidal particle labelled material and 

50 comprising the step 

(d) detennining the detectable response produced by said coltoidal parttole labelled material at the 
second reaction site as an indication of the presence or amount of the substance in the sample. 

3. A method for determining the presence or amount of a substance in a sample; which method 
comprises; 

56 (a) contacting the sample with a chromatographic medium, sakl medium having at least two reaction 

sites, the first reaction site including a dried solution of a labelled material in the presence of a mete-soluble 
proton and the second reaction site Including an immobilized reagent capable of binding a member 
selected from the group consisting of the substance and said labelled material. 
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(b) solubilizing said labelled material and chromatographically transporting at least a portion of said 
labelled material to the second reaction site for binding thereto, and 

(c) determining the detectable response produced by said labelled material at the second reaction 
site as an indication of the presence or amount of the substance in the sample. 

4. The method according to claim 3 wherein said chromatographic medium comprises a third reaction 
site including a second immobilized reagent which may be the same or different from said first immobilized 
reagent and which is capat>le of binding with said lat)elled material and comprising the step. 

(d) determining the detectable response produced by said labelled material at the third reaction site 
as an indication of the presence or amount of the substance in the sample. 

5. A method for storing labile proteins which prevents aggregation and Inactivation of the proteins when 
maintained in the dry state wherein said proteins may be rapidly resolubiHzed. which method comprises 
drying the protein on a substrate In the presence of an aqueous medium containing a meta-soluble protein. 

6. A product produced according to the method of claim 5 comprising a solid substrate upon which is 
impregnated and dried a labile protein in the presence of an aqueous medium containing a meta-solut)le 
protein. 

7. A test device for determining the presence or amount of a substance in a sample, by means of one 
or more specific binding reactions comprising; 

a chromatographic medium having capillarity and the capacity for rapid chromatographic solvent 
transport of one or more non immobilized reagents and reactive sample components by means of a 
selected chromatographic solvent including. 

a first reaction site including a dried solution of a lat)ened material in the presence of a meta-soluble 
protein wherein said lat)elled material is capable of rapid solubilization and chromatographic solvent 
transport in a said solvent, and 

a second reaction site including an immobilized reagent capable of binding a member fbnm the group 
consisting of said substance and said labelled material. 

8. A kit for use in specific binding assays for detenmining the presence or amount of a substance In a 
sample comprising; 

(1) a solution comprising a colloidal particle labelled material in the presence of a chromatographic 
transport facilitating agent and 

(2) a chromatographic medium having capillarity and the capacity for chromatographic solvent 
transport of non immobilized reagents and reactive sample components by means of a selected chromatog- 
raphic solvent including at least one reaction site including an immobilized reagent capable of binding a 
member selected from the group consisting of said substance and said colloidal particle labelled material. 

9. A composition of matter comprising a colloidal particle labelled reagent and a sufficient amount of a 
meta-soluble protein to allow resolubilization from a dried state and chromatographic solvit transport of 
said colloidal particle labelled reagent 
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FIG. 3a FI6.3b RG.3c 
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FIG. 6 




